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Clinical Tissue CharacterizationUltrasound grayscale B-mode images are important clinical
tools for clinically examining the internal structures of
tissues. The grayscale pixel values of the B-mode image
indicate the strengths of echoes backscattered because of
abrupt changes in the acoustic impedance of tissues.
Because the B-scan intensity is dependent on several fac-
tors, such as signal and image processing, system settings,
and user operations [1e3], the ultrasound B-scan only
provides a primarily qualitative description of the
morphology, without quantifying tissue properties.
Many researchers make efforts to develop functional
ultrasound imaging techniques to improve the limitations of
the B-scan in clinical diagnosis. Among all possibilities,
analyzing the raw ultrasound backscattered radio-
frequency (RF) signals returned from tissues is an easy
and effective approach for tissue characterization. The
ultrasound RF data have been shown to contain valuable
information that is dependent on the shape, size, density,
and other properties of the scatterers in a tissue [4e6].
Based on the randomness of ultrasonic backscattering,
mathematic statistical distributions can be applied to
model the shape of the probability density function (pdf) of
the backscattered echoes to evaluate the properties of
scatterers in tissues.
Rayleigh distribution is the first model used to describe
the statistics of the ultrasound backscattered signals. The
pdf of the backscattered envelope follows Rayleigh distri-
bution when the resolution cell of the ultrasonic transducer
contains a large number of randomly distributed scatterers
[7,8]. However, it should be noted that the scatterers in
most biological tissues have numerous possible arrange-
ments. If the resolution cell contains scatterers that have
randomly varied scattering cross-sections with a compara-
tively high degree of variance, the envelope statistics are
pre-Rayleigh distributions. If the resolution cell contains
periodically located scatterers in addition to randomly
distributed scatterers, the envelope statistics are post-
Rayleigh distributions. This is the reason why non-
Rayleigh statistical models, such as the Rician [8], K [9],
homodyned K [10], and generalized K [11] models, were0929-6441 ª 2013, Elsevier Taiwan LLC and the Chinese Taipei Society
http://dx.doi.org/10.1016/j.jmu.2013.04.011developed to encompass various backscattering conditions
in biological tissues.
The Nakagami model initially proposed to describe the
statistics of radar echoes [12] was then applied to the
statistical analysis of backscattered signals [13e16] and
attracted the attention of researchers. The Nakagami dis-
tribution was highly consistent with the backscattered pdf
and with the corresponding Nakagami parameter varying
with the backscattered statistics [15]. Compared to other
non-Rayleigh distributions, the Nakagami distribution has
less computational complexity and can describe all of the
scattering conditions in a medical ultrasound, including
pre-Rayleigh, Rayleigh, and post-Rayleigh distributions.
The Nakagami parameter has been shown to perform well
in distinguishing various scatterer properties [17e19]. A
number of Nakagami compounding distributions, which
involve the Nakagami-Gamma [20,21], Nakagami-lognormal
[22], Nakagami-inverse Gaussian [22], Nakagami-
generalized inverse Gaussian [23], and Nakagami Markov
random field models [24], have also been developed to
better fit the statistical distribution of backscattered
envelopes.
Recent studies related to the Nakagami approach focus
on the developments of ultrasound Nakagami imaging. In
brief, the ultrasound Nakagami image is constructed using
the Nakagami parametric map. The construction of the
Nakagami image allows physicians and radiologists to visu-
ally identify scatterer properties in clinical situations. The
concept of Nakagami imaging originated from Professor
Shankar [25] and certain other preliminary studies [26,27].
Based on these pilot studies, we proposed a standard cri-
terion to construct a Nakagami image using the ultrasound
RF data [28], and confirm its usefulness in tissue charac-
terizations by using experiments [29] and simulations [30].
In the past five years, a series of studies conducted by
different research groups have demonstrated that the
Nakagami image provides clues associated with scatterer
arrangements and concentrations in tissues, which com-
plement the conventional B-scan for tissue characterization
and clinical diagnoses. The Nakagami image has alreadyof Ultrasound in Medicine. Open access under CC BY-NC-ND license.
52 Editorialbeen explored in a number of medical applications,
including cataract detection [29], breast tumor classifica-
tion [31,32], blood flow estimation [33], vocal fold char-
acterization [34], monitoring ultrasound-induced thermal
lesions [35,36], tissue fibrosis assessment [37e39], and
temperature estimation [40].
Before using ultrasound Nakagami imaging as a reliable
tool to assist in clinical diagnosis, we still have some chal-
lenging problems that need to be resolved. One of the
annoying problems is artifact. Two types of artifacts occur in
the Nakagami image. The first type of Nakagami artifact is
the noise-induced artifact, generated because of the effects
of noise in an anechoic area of tissue. The anechoic area
(e.g., cyst) has no scatterers; therefore, its received signals
are solely noise, which disrupt the Nakagami parameter
estimation to produce unreasonable shading in the Naka-
gami image. Recently, we have proposed the noise-assisted
correlation algorithm (NCA) to resolve the problem of noise-
induced artifacts [41,42]. The second type of Nakagami
artifact, the parameter ambiguity effect, refers to ambi-
guity in the physical meaning of the Nakagami parameter
because of the beam divergence effect. Recall that trans-
ducer focusing is the prerequisite for the Nakagami param-
eter to sensitively quantify variations in backscattered
statistics. However, because the transducer-focusing effect
simultaneously accompanies the beam divergence effect,
the estimation of the Nakagami parameter is close to unity,
irrespective of high- or low-density scatterers in tissue. Now
we are trying to develop multifocus Nakagami imaging to
remove the parameter ambiguity effect in the Nakagami
image.
According to the current evidences, ultrasound Naka-
gami imaging has great potential in clinical applications. In
particular, the Nakagami image requires only a standard
pulse-echo system for construction, and is therefore
compatible with most clinical ultrasound systems. In the
future, the conventional B-mode image and the Nakagami
image may be combined in the same system platform for
simultaneously describing the tissue morphology and eval-
uating the scatterer properties.
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